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Abstract 

Balloon and riometer observations of the end-phase of a 

PCA midday recovery indicate that the increase i n  absorption 

w a s  accompanied by oorrespondlng changes i n  pa r t i c l e  f lux,  w i t h  

the high energy portion of the spectrum increasing before the 

lower energy end, 
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2. 

Introduction 

The ionospheric absorption during s o l a r  cosmic r a y  events is 

known t o  show t w o  types of dai ly  var ia t ion.  One i s  a nighttime 

phenomenon, during which the absorption magnitude is low,  due t o  

absence of photodetachment of negative ions i n  the D-region. The 

other  is a daytime feature ,  a t  l e a s t  f o r  a s ign i f icant  f r ac t ion  

of the PCA events t o  date ,  centered around 10-12 hours loca l  time, 

when the absorption magnitude is l o w  f o r  about two hours. The 

midday recoveries , as they are termed, a r e  r e s t r i c t e d  i n  l a t i t ude  , 
Occurring p r imar i ly  a t  the equatorward edge of the polar  cap 

regions, and a re  var iable  i n  time from one day t o  the next i n  a 

given PCA event. The current in te rpre ta t ion  (Uinbach, 1961) is 

that midday recoveries r e su l t  from loca l  time dependent changes 

i n  the effeagive geomagnetic cutoff energy f o r  pa r t i c l e s  reaching 

the edges of the polar cap regions. 

In  offer ing t h i s  interpretat ion,  Leinbach (1961) c i t ed  r e s u l t s  

of balloon observations (Winckler e t  a l ,  1961) of so l a r  cosmic r ay  

var ia t ions  over Minneapolis, Minnesota and riometer observations 

(Fleischer and Lichtenstein, 1959) of cosmic r ad io  noise absorption 

a t  Troy, New York during the great  PCA event of July 14, 1959, 

While features  of these measurements do provide support t o  the 

argument, they suf fer  to  a cer ta in  extent from being made a t  two 

widely separated locations. 

In  the present paper, additional observations on midday 

recoveries a re  reported which support Leinbach's e a r l i e r  interpre- 

ta t ion.  They were obtained during the September 2 ,  1966 PCA event 

and involve balloon and riometer data from essent ia l ly  the same 

locat ion (College , Alaska) 



3. 
Observations 

The September 2, 1966 PCA event began w i t h  a c lass  3 s o l a r  

f l a r e  a t  0538 UT and w a s  followed by strong auroral  and magnetic 

a c t i v i t y  beginning on the night of September 3. Throughout t h i s  

whole period, riometer and balloon observations were made i n  

Alaska. A summary of the riometer data from several  s i t e s  is 

given i n  Figure 1, showing strong ionospheric absorption during 

the dayl ight  hours f o r  two days following the f l a r e ,  Of  par t icu lar  

i n t e r e s t  here is the d i s t i n c t  midday recovery i n  absorption which 

began around 1930 UT and returned t o  a higher l eve l  again a t  about 

2230 UT on September 2. These var ia t ions occurred during a period 

of r e l a t ive  magnetic quiet ,  i n  contrast  t o  the absorption features  

of the  following day when auroral  absorption played a strong role.  

Several balloon f l i g h t s  were made during t h i s  period, 

Characterist ics of the radiation detectors on t h e i r  f l i g h t s  a r e  

summarized i n  Table I. The h i g h  a l t i t u d e  winds a t  t h i s  time were 

such as t o  carry the balloons e s sen t i a l ly  p a r a l l e l  t o  a l i n e  of 

geomagnetic l a t i t ude  a t  about 10 knots. 

Fl ight  6 was launched without knowledge of the PCA event and 

i t s  purpose w a s  t o  pursue auroral  x-ray time var ia t ions associated 

w i t h  the l a t e  phases of magnetic a c t i v i t y  s t a r t i n g  w i t h  the sudden 

commencement storm of 1 1 1 2  UT on August 30. The f l i g h t  carrying a 

N a I (  T 1 )  s c i n t i l l a t i o n  counter reached an  atmospheric depth of 
2 

10 gm/cm and showed enhanced, but r e l a t ive ly  steady, counting 

r a t e s  u n t i l  cu t  down a t  0220 UT on September 3. This w a s  i n  

sharp contrast  t o  F l igh t  5 launched the preceding night which 

showed l a rge r ,  more rapid changes i n  counting ra te .  These f l i g h t  

records a re  shown i n  Figure 2 and the degree of geomagnetic 
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disturbance during the s c i n t i l l a t i o n  counter f l i g h t s  is given by 

the 3-hour K-indices from the College Magnetic Observatory i n  

Table 11. Comparison of the balloon data w i t h  corresponding 

magnetograms indicates that F l i g h t  5 counted only auroral  x-rays 

while the steady, enhanced ra tes  of Flight 6 resul ted primarily 

from so la r  cosmic r ay  e f f ec t s ,  w i th  modest auroral  contamination 

between 1600 UT and 1930 UT fro= minor ( 6200X) magnetic bay 

a c t i v i t y  . 
Flight 7, carrying a counter telescope and a single Geiger 

counter t o  examine charged par t ic le  fluxes i n  the PCA event, 

reached an atmospheric depth of 7 gm/cm2 a t  2130 UT on September 2. 

These detectors showed the presence of energetic solar  protons , 
even though reaching ce i l i ng  a l t i t u d e  16 hours a f t e r  the f l a r e  

began, w i t h  counting r a t e s  r i s ing  above ga lac t ic  cosmic r a y  back- 

ground leve ls  f o r  atmospheric depths l e s s  than 25 gm/cm 2 . After 

2130 .UT, the excess single counter and telescope r a t e s  varied 

together, w i t h  a r a t i o  o f  3.4 2 0.1, and declined s teadi ly  through- 

out the remainder of the f l i g h t  except f o r  a brief increase around 

2230 UT, as shown i n  Figure 3. 

In  contrast  t o  the s c i n t i l l a t i o n  counter on F l i g h t  6 which 

responded t o  energy losses in the c r y s t a l  from charged pa r t i c l e s  as 

well as energetic photons ( w i t h  e f f ic ienc ies  ranging from 100% f o r  

energies below 100 keV t o  about 30% f o r  energies near 1 MeV), the 

gas-f i l l e d  counters on F l i g h t  7 counted p r i m a r i l y  charged pa r t i c l e s  

passing through t h e i r  sensi t ive volumes ( w i t h  photon ef f ic ienc ies  

l e s s  than 1%). Thus, taking the depth var ia t ion  of the excess 

counter and telescope r a t e s  gives a range spectrum of the charged 
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p a r t i c l e s  and t h i s ,  i n  turn,  gives a d i f f e r e n t i a l  energy spectrum 

(Pfotzer e t  a l ,  1962). 

25 gm/cm2 t o  7 gm/cm2, the atmospheric depth var ia t ion  yielded an ex- 

cess counting r a t e  increasing as 

corresponds t o  a s teep proton spectnun 

For the ascent portion of F l i g h t  7,  from 

where P is i n  gm/cm2, and 

between 90 MeV and 200 MeV. With t h i s  form of the spectrum and the 

telescope geometry, the v e r t i c a l  proton flux a t  2130 UT amounted t o  

2.6 protons/cm2-sec-ster above 90 MeV. 

A t  the time F l igh t  7 reached ce i l i ng  a l t i t u d e ,  Flight 6 was 

s t i l l  a t  10 gm/cm2 atmospheric depth and counting about 530 

counts/sec above background. 

f o r  the 10 gm/cm2 depth of the detectors on F l i g h t  6 ,  and using 

the geometry of the s c i n t i l l a t i o n  counter, calculat ion shows that 

protons penetrating the c rys ta l  contributed only -23 counts/sec t o  

the excess r a t e  of 530 counts/sec a t  2130 UT. Thus , except f o r  the 

aurora l  contamination obvious by i t s  temporal var ia t ion  and 

associat ion w i t h  magnetic bay a c t i v i t y ,  the enhanced r a t e  of long 

duration on F l i g h t  6 was due almost  completely t o  nuclear gamma rays  

(mom and D'Arcy, 1959; Bhavsar, 1961) from reactions between a i r  

nuclei  and low-energy protons unable t o  penetrate t o  balloon depths. 

Taking the proton spectrum, adjusted 



Interpretat ion 

Comparison of the countag  r a t e  var ia t ions on Flights 6 and 

7 shows a more rapid decay f o r  the penetrating proton component 

than the part of the spectrum below atmospheric cutoff which w a s  

observed indirect ly  through nuclear gamma rays. 

between 2130 UT and 0230 UT, the excess s c i n t i l l a t o r  r a t e  showed 

a ne t  decline of only 10% while the telescope and Geiger counter 

r a t e s  had f a l l e n  of f  by .~80;&. Over t h i s  same time in te rva l ,  the 

ionospheric absorption showed only a negligible change of M.3 db, 

From t h i s ,  it is evident that  the low-energy portion of the proton 

spectrum was the one most  closely re la ted  t o  the polar  cap ab- 

sorption, 

comparing the time var ia t ion  of the r a t i o  of absorption t o  the 

square root  of the excess counting r a t e s  f o r  the charged pa r t i c l e  

detectors  on Flight 7 and the s c i n t i l l a t i o n  counter on Flight 6. 

In  pr inciple ,  t h i s  r a t i o  should be essent ia l ly  constant i f  the 

rad ia t ion  responsible f o r  the absorption is correct ly  ident i f ied  

s ince the steady-state absorption is proportional t o  the electron 

densi ty ,  o r  equivalently the square root  of the ionization r a t e  of 

the f l u x  of par t ic les  i n  the absorbing region. Using 15-minute 

scal ings from 2130 UT t o  0200 UT and reducing the Geiger counter 

and s c i n t i l l a t i o n  counter data t o  a common basis by using counting 

r a t e s  per u n i t  omnidirectional area of the detectors ,  the time 

va r i a t ion  of t h i s  r a t i o  i s  given i n  Figure 4. This shows the 

r a t i o  f o r  the low-energy component changed by only-h.O$ over t h i s  

period while t ha t  f o r  the high-energy component increased f a i r l y  

s teadi ly  and changed by more than loo$, c l ea r ly  indicat ing that 

In par t icu lar ,  

The degree t o  which t h i s  is the case is shown by 
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the low-energy f lux was responsible f o r  the absorption recorded 

by the College riometer. 

Turning t o  t h a t  portion of the midday recovery when both 

F l igh t s  6 and 7 were a l o f t ,  the riometer and balloon data indicate 

an  increase i n  radiat ion influx a f t e r  2230 UT. 

p a r t i c l e  detectors on F l i g h t  7 showed an increase i n  counting 

r a t e ,  lending confirmation that the excess influx w a s  due t o  pro- 

tons and not auroral  x-rays. 

counter r a t e s  reached t h e i r  peak values, the r a t e s  showed a con- 

t inuat ion of the decline i n  intensi ty  evident e a r l i e r ;  however, 

there was a net  s h i f t  upward i n  the excess counting r a t e s ,  not 

j u s t  a brief peak superimposed on the pat tern o f  declining 

in tens i ty ,  

F l igh t  6 i n  Figure 2 ,  where the excess counting r a t e  increased by 

-70% between 2230 UT and 2300 UT and then showed a slow decay such 

as found e a r l i e r  i n  the event. 

Both the charged 

After the telescope and Geiger 

This is  shown more c l ea r ly  f o r  the gamma r a y  data from 

A more detai led view of the var ia t ion  in counting r a t e s  and 

absorption associated w i t h  the end of the midday recovery is 

given i n  the l i n e a r  p l o t  i n  Figure 5. Here, it is seen that both 

of t he  charged pa r t i c l e  detectors showed an increase i n  counting 

r a t e  s t a r t i n g  a t  2234 UT while the s c i n t i l l a t o r  r a t e  did not start 

t o  increase u n t i l  a f t e r  - 2238 UT. T h i s  indicates an energy-dependence 

i n  the changes of par t ic le  influx, the in tens i ty  of the more 

energetic pa r t i c l e s  increasing some minutes before s i m i l a r  changes 

took place i n  the lower portion of the spectrum, 
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Discuss ion 

Midday recoveries i n  absorption during solar cosmic r a y  events, 

s ince they a re  observed primarily a t  the lower edges of the polar  

caps, a re  d i f f i c u l t  t o  study because of possible auroral  contamina- 

t i o n  of the data from riometers and balloon-borne instruments. 

For the present event, however, the i n t r i n s i c  features  of the data 

as well as geomagnetic conditions around loca l  noon may be used t o  

argue strongly against  any serious auroral  x-ray contamination. 

Thus , both detectors sensit ive t o  energetic charged pa r t i c l e s  showed 

a n  in tens i ty  increase a t  essent ia l ly  the same time as the s c i n t i l -  

l a t i o n  counter; i n  addition, the s c i n t i l l a t i o n  counter showed a 

r e l a t i v e l y  constant r e l a t ion  t o  the ionospheric absorption over a 

f ive  hour period. For auroral x-ray events, the counter telescope 

would not have shown any variat ion i n  counting r a t e ;  a l s o ,  the 

r e  l a  t ions hip be tween abs orp t i on and s c i n t i l l a t o r  counting r a t e s  

would show far more variabil i ty as well as much lower numerical 

values since auroral  events generally show l e s s  absorption and 

y ie ld  far greater  counting ra tes  than those on F l igh t  6. (The 

x-ray and riometer data from F l i g h t  5 show t h i s ,  the 

(absorption)/(excess flux)* ra t io  ranging around 0.3 w i t h  consider- 

able sca t t e r . )  

The l eve l  of geomagnetic disturbance, summarized e a r l i e r  by 

K-indices, w a s  t oo  low t o  be responsible f o r  any s igni f icant ,  

sustained auroral  x-ray e f fec ts  e i ther .  This is indicated more 

c l ea r ly  by the storm magnetograms i n  Figure 6 ,  where the magnetic 

qu ie t  around loca l  noon (2200 UT) is  shown together w i t h  some of 

the s torm conditions which prevailed f o r  the next two days. 
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With these arguments, i t  is c lea r  that the changes i n  absorption 

and counting r a t e s  discussed above stemmed from changes i n  the s o l a r  

cosmic r a y  flux reaching the atmosphere. Looking a t  the increases 

i n  absorption and counting ra tes  during the end of the midday 

recovery, it is evident t h a t  additional par t ic les  were reaching 

the D-region. Since the higher energy portion o f  the spectrum 

increased f i r s t ,  and then was followed by lower energy pa r t i c l e s  

some minutes l a t e r ,  the most plausible in te rpre ta t ion  of t h i s  

end-phase of a midday recovery is  t h a t  due t o  Leinbach (1961), 

involving changes i n  the cutoff energy around loca l  noon when the 

l i n e s  of force of the geomagnetic f i e l d  pertaining t o  the s t a t i o n  

approach the so l a r  direction. For a f u l l  midday recovery, instead 

of the end-phase tha t  we observed, the diurnal  var ia t ion  in cutoff 

would presumably exclude the low energy end of the spectrum first  

and then return it last ,  as noted i n  t h i s  event. 

The problem of anomalously l o w  cutoffs f o r  protons i n  the 

polar  cap region has been under scrutiny f o r  some time now. While 

the experimental f ac t s  a re  w e l l  established, only recently (Reid 

and Qauer, 1966) have model calculations been undertaken t o  explore 

t h i s  problem further.  T h i s  current approach is t o  r e l a t e  the 

depression i n  cutoff energy t o  the existence of the geomagnetic 

t a i l  and the diurnal var ia t ion i n  cutoff ,  as demanded by midday 

recoveries i n  absorption, t o  the diurnal  var ia t ion  i n  the boundary 

of the s tab le  trapping region f o r  energetic electrons. Clearly, 

addi t ional  observations of the time variat ions of the l o w  and high 

energy portions of the s o l a r  proton flux around loca l  noon would 

be valuable i n  revealing i f  the f u l l  sense of a diurnal var ia t inn  

i n  cutoff is  borne out. 
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Table I 

Detector 

NaI(Tl) 
Counter 

Geiger 
Counter 

Telescope 

Geometry 
and 

Dimens ions 

Detector Specif icat lons 

Solid Angle Factor 

cylinder 15.2 cm2 
5.08 c m  dia. omnidirectional 
1.27 c m  ht .  projected area 

cylinder 
6.5 length 
1.9 cm dia. 

11.2 cm2 
omnidirectional 
projected area 

6 . 5  cm length 12.4 cm2-ster 
3.8 cm width f o r  isotropic  f lux 
7.6 cm between 

10.6 cm2-s t e r  
f o r  cos3 Q flux 

axes of upper 
and lower trays 

Comments 

measured energy 
1ossesF 30 KeV 
on Flights 5 
and 6 

used on Flight 7 

used on Flight 7 



12. 

0-03 ' 03-06 

Sept. 1 - - 
2 2 2 

Table I1 

Geomagnetic IC-Indices 

06-09 09-12 12-15 15-18 1 18-21 I 21-24 
i 

4 1 3  51 1 6 5 0 

1 1 3 i  4 3 I 
i 4  

Date Hours (UT) 
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Figure Captions 

Figure 1 Riometer observations of ionospheric absorption during 

the September 2,  1966 PCA event. 

lat.; Kotzebue, 63.6' N mag. lat.; Healy, 63.5' N mag. l a t , )  

(College, 64.6' N mag. 

Figure 2 S c i n t i l l a t i o n  counter data from Fl ights  5 and 6, launched 

on September 1 and 2 ,  respectively. 

Figure 3 Geiger counter and telescope counting r a t e s  f o r  solar 

protons on the September 2 ,  1966 PCA event, 

Figure 4 Time var ia t ion  of the r a t i o  Abs(db)/(counting r a t e )  & 
f o r  the in te rva l  2130-0230 UT of September 2-3, 1966. 

Top curve : Geiger counter; bottom curve : s c i n t i l l a t i o n  

counter. 

Figure 5 Linear p lo t  of the counting r a t e  var ia t ions and absorption 

f o r  2200-2300 UT on September 2 ,  1966. Top curves: 

radiat ion detectors; bottom curve: riometer. 

Figure 6 S t o m  magnetograms from College Magnetic Observatory; 

September 2-3, 1966. 
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